141]
TINDER THE  OPERATION  OF  FEEBLE  MAGNETIC  FORCES.
587
proportional to the other: the ratio k (the susceptibility) is a definite constant. When, however, certain limits are exceeded there is no fixed relation between the quantities; and if Jc is still to be retained, it requires a fresh definition. It is not merely that k, as at first defined, ceases to be constant, but rather that it ceases to exist. Upon this point the verdict of experiment is perfectly clear. There is no curved line by which the relation between force and magnetization can be unambiguously expressed, and which can be traversed in both directions. As soon as the line ceases to be straight, it ceases also to be single. I have thought it desirable to emphasize this point, because the term " magnetization-function," introduced by Dr Stoletow, rather suggests a different conclusion.
The curves given by Stoletow and by Rowland in their celebrated researches are not exactly magnetization-curves in the more natural sense ; that is to say, they do not exhibit fully the behaviour of a piece of iron when subjected to a given sequence of magnetic forces. But a number of such curves have been drawn by Evving which afford all necessary general information. Among these we may especially distinguish the course followed by the iron in passing from strong positive to strong negative magnetization and vice versd, and that by which iron starting from a neutral condition first acquires magnetization under the action of a force constantly increasing.
Attention is called by Ewing to the loops which are formed when the forces are carried round a (not very small) cycle of any kind. "Every loop in the diagram shows that when we reverse the change of magnetizing force from increment to decrement, or vice versd, the magnetism begins to change very gradually relatively to the change of ^ (the force), no matter how fast it may have been changing in the opposite direction before. So much is this the case that the curves, when drawn to a scale such as that of the figure, appear in all cases to start off tangent to the line parallel to the axis on which v£j is measured whenever the change of ^j is reversed in sign."
The question here raised as to the direction of the curve, after the force has passed a maximum or minimum, is one of great importance. If it were strictly true that this direction were parallel to the axis, it would follow generally that iron in any condition of magnetization would be uninfluenced by small periodic variations of magnetic force; for example, that in many telephone experiments iron would show no magnetic properties. The experiments already detailed prove -that when the whole force and magnetization are small (they were not actually evanescent) very sensible proportional changes of magnetization accompany small changes of force, the ratio being such as to give a permeability not much inferior to 100. Nothing is easier than to show that this conclusion is not limitedsults here set forth were announced in a discussion following Prof. Hughes's address to the Society of Telegraph Engineers on February 11, 1886, Journ. Tel. Eng. xv. p. 39, on the strength of preliminary experiments tried towards the close of 1885.mes indispensable. But it seems to be a mistake to use it where a null method is applicable, and when the utmost delicacy is required. In such a case the inertia of the needle, and the forces both of restitution and of damping, should all be made small. * L.c. p. 488.    [Vol. n. p. 568.]                                                                                      I |
